The paper examines the hysteresis hypothesis in unemployment in the case of eight selected countries in transition, using the Kalman fi lter and testing whether the NAIRU time series are stationary. The empirical results show that the hysteresis eff ect is confi rmed for the majority of the countries. Testing the infl uence of the infl ation growth rate on the decline in the NAIRU and vice versa, performed using the panel regression with fi xed eff ect, confi rmed that the increase in infl ation leads to decline in the NAIRU. The conclusion also suggests the existence of the impact of actual unemployment rate on the NAIRU, which may be aff ected by the change in aggregate demand.
Introduction
Unemployment is a major problem, both in developed market economies, and countries that have gone through the transitional changes. Therefore, the goal of economic policy in modern economies is to reduce unemployment and thereby to avoid the rising infl ationary pressures. In achieving this goal, the concept of Non -Accelerating Infl ation Rate of Unemployment (NAIRU) and policy recommendations arising from this concept are of great importance.
NAIRU concept was fi rst introduced by Modigliani and Papademos in 1975 (Snowdon, Vane, 2005, p. 402) . Among economists, there are signifi cant discrepancies in the defi nitions of the concepts of natural rate of unemployment (NRU), which was founded by Nobel Laureate M. Friedman, and the NAIRU. One group of scholars considers them identical (Gordon, Blanchard) , while others argue that these are different concepts (Tobin, Stiglitz). The signifi cant difference between the NRU and NAIRU relates to their different microeconomic basis. NRU concept implies market clearing, while the NAIRU refers to imperfect competition in labour and product markets. NAIRU is the unemployment rate with which the infl ationary processes in excess demand markets are balanced with the disinfl ationary processes in excess supply markets. NAIRU can be defi ned under the different infl ation rates, and at different rates of unemployment, and it responds to those conditions in the economy which allow stable rate of infl ation. In contrast to the NRU, which implies that all markets are in equilibrium, NAIRU points out that not all markets have to be in balance.
In addition to the discrepancies in the defi nition of the concept of NAIRU, in modern macroeconomic theory, there is considerable disagreement and controversy about the factors that determine the level and change of the NAIRU. One can distinguish two approaches to the factors that determine the NAIRU: exogenous and endogenous ones.
According to the exogenous approach, labour market characteristics, such as the bargaining power of trade unions, institutional arrangements, unemployment benefi ts, legislation, insider-outsider structures, etc. affect the NAIRU and increase the rigidity of the labour market. This approach emphasizes that the NAIRU is a result of these factors, which infl uence the wage increase and which in recent decades are often cited as the cause of rising unemployment in European countries. The exogenous approach fi nds the solution to this problem in labour market deregulation and unemployment benefi ts reduction (Sørensen & Whitta-Jacobsen, 2010, p. 341) .
According to the endogenous approach, the NAIRU is determined by the level of the actual unemployment rate, which is the basis of hysteresis theory (Blanchard and Summers, 1988) . The hysteresis theory argues that the NAIRU is growing in the current period if in the previous period the actual unemployment rate was higher than the NAIRU, which can be represented as follows (Snowdon, Vane, 2005, p. 405) :
Where U Nt -NAIRU in t period, U Nt-1 -NAIRU from the previous period, U t-1 -actual unemployment rate from the previous period, b t -other variables which can infl uence the NAIRU (e.g. unemployment benefi ts).
If we assume that b t = 0, we get the following equation:
We can see from this equation that U Nt > U Nt-1 if Ut -1 > U Nt-1 . In other words, changing the actual unemployment rate acts as a magnet that «draws» the NAIRU in the same direction. The argument that aggregate demand does not affect the NAIRU can be acceptable in the short run but in the long run higher or lower economic activity leads to the changes in the NAIRU. Endogenous approach attaches more importance to economic policy whose effect on the reduction in the actual unemployment rate can result in decrease in the NAIRU.
In addition to the relationship between the NAIRU and the actual unemployment rate, the relationship between the movements of the NAIRU rate and changes in the infl ation rate, which is represented by the Phillips curve, should be mentioned. The variant of expectations-augmented Phillips curve, which includes the concept of NAIRU, is based on the assumption that the infl ation rate will be constant when the actual unemployment rate is equal to the NAIRU; it will increase when the actual unemployment falls below the NAIRU, and vice versa. In general terms, it can be represented as follows (Bozani, Drydakis, 2011, pp. 15-16 ):
where π t is the actual rate of infl ation in period t; π t e -the expected rate of infl ation for period t, expected to be equal to the rate of infl ation in period t-1; U t-1 -unemployment rate in period t-1; U Nt -NAIRU in period t, which may be constant but may change with structural changes in the economy; z t -a variable that refers to the supply shocks with ex-ante expected value of zero, and ε t -a variable that refl ects the infl uence of all other factors. If π t e is switched on the left side of the equation, we get:
where Δπ t is the difference between the rates of infl ation in period t and t-1. If the unemployment rate exhibits hysteresis effect, the impact of the infl ation rate on the NAIRU can be observed through the changes in the real rate of unemployment (for example, monetary expansion increases infl ation and reduces unemployment, which is pulling down the NAIRU rate).
Given the large number of factors that determine the NAIRU, this paper will explore the impact of the actual unemployment rate on the NAIRU, or hysteresis effect, as well as the effect of infl ation rate on the NAIRU on the example of selected countries in transition. The paper starts with the following basic research hypotheses: H1: actual unemployment rate affects the NAIRU-there is hysteresis effect H2: the increase in the infl ation rate affects the decrease in the NAIRU and vice versa.
Literature Review
Monitoring of the hysteresis effect is the subject of many works. De-Chih Liu (2011) investigated the infl uence of hysteresis hypothesis on the opening and closing of job positions in the United States. The paper emphasizes the importance of demand management policy, where the fi scal and monetary policies stimulate aggregate demand, which in the short run has a positive impact on the opening of new job positions. However, the results of the research, using unit root tests based on the panel, show that the process of the opening and closing of job positions in the USA according to the structuralist paradigm (exogenous approach to determining the NAIRU), that the stabilization policy does not have a permanent effect on the opening and closing of job positions, and that the hysteresis hypothesis can be rejected.
Testing of the hysteresis hypothesis on the example of 14 OECD countries was performed by Liew, Chia, and Puah (2009) , using several panel unit root tests. The results of the research show that hysteresis can be confi rmed for most OECD countries, when tests are performed on individual countries. However, the hysteresis hypothesis in unemployment can be rejected for OECD countries overall, because unemployment rates tend to restore to long-run balance. This suggests that labour market institutions and stabilization policy successfully determine the unemployment rate at a sustainable level.
The research performed by Mohan, Kemegue, and Sjuib (2008) shows that the majority of studies, which were using the conventional unit root tests, supports the hysteresis hypothesis in OECD countries, and rejects the same hypothesis when investigating the labour market in the United States. This research, using the ADF Fisher, IPS, LLC, and Breitung panel unit root tests for individual regions in the United States, rejected the hysteresis hypothesis in unemployment. Stockhammer and Sturn (2008) investigate the hypothesis that the extent to which hysteresis occurs in the aftermath of recessions depends on monetary policy reactions in 19 OECD countries. The results suggest strong effects of monetary policy, but weak effects of labour market institutions. Those countries which more aggressively reduced their real interest rates in the vulnerable period of a recession experienced a much smaller increase in the NAIRU.
The presence of hysteresis in the euro area was examined by Loageay and Tober (2005) using the Kalman fi lter. The results of this research confi rmed the presence of hysteresis effect, particularly in Germany. León-Ledesma (2002) analysed the presence of hysteresis in unemployment in the United States and the European Union. The results show that the hysteresis is confi rmed in European countries and rejected in the United States.
Ball (2009) analysed unemployment rates in 20 developed countries, using the HP fi lter, and came to the conclusion that there is hysteresis effect and that monetary policies can affect unemployment.
Although the hysteresis effect is mostly analysed in developed economies, there is an increasing number of researches in the European transition countries. León-Ledesma and McAdam (2003) investigated the presence of hysteresis in 12 transition countries of Central and Eastern Europe, using the unit root tests on individual time series and on panel data, as well as Markov switching model. The analysis also included the impact of structural breaks on the formation of multiple equilibrium states, which occur as a result of shocks. They compared these results with the results of the aggregate data analysis for 15 European countries (EU-15), and came to the conclusion that maintaining equilibrium is faster in transition countries, but the transitions from one equilibrium state to another are more frequent than in the EU-15.
Camamero, Carrion-i-Silvestre, and Tamarit (2005) test for the hysteresis versus the natural rate hypothesis on the unemployment rates of the EU new members. They found that the application of the standard GLS-class of unit root tests confi rms the hysteresis in the unemployment rates, but the opposite is true when allowing for the presence of up to two structural breaks in unit root testing. Cuestas and Ordonez (2011) show that for fi ve CEE countries (Hungary, Latvia, Poland and Slovenia, and the Slovak Republic) unemployment dynamics appears to be well described as a stationary process around highly persistent structural changes.
Cuestas, Gil-Alana, and Staehr (2011) analyzed the dynamics of the unemployment rate in the eight CEE countries which joined the EU in 2004. They found that the unemployment rate is not stationary in most of the sample countries and that shocks are highly persistent, implying a slow rate of convergence to the natural rate of unemployment. The unemployment rate is least persistent in Hungary and Slovenia, more persistent in the Czech Republic, Slovakia and the Baltic States and extremely persistent in Poland. Gozgor (2013) tested the hysteresis effect in ten CEE countries, and provide signifi cant empirical support for the existence of persistence in unemployment rates, and the hysteresis hypothesis.
Model
In order to test the hypothesis defi ned in the introduction, two things have to be done. First, we need to determine the NAIRU from the actual unemployment data series, and second, we have to test the relation between NAIRU and infl ation rate. Following previous considerations, the rate of unemployment can be viewed as the sum of three components: frictional, structural, and cyclical unemployment, where the fi rst two components are parts of the NAIRU:
where U t is the observed actual unemployment rate in time t, U N is the NAIRU, and U cyc is the rate of cyclical unemployment. In order to specify the empirical model which will detect the unobserved components (U N and U cyc ) from the easily accessible actual rate of unemployment, the assumptions have to be made regarding the nature of the movement of the components U N and U c yc .
Following the seminal work of Blanchard and Quah (1989) , the fl uctuations in unemployment (as well as in output) result from two types of shocks, supply shocks and demand shocks. Supply shocks (as changes in technology, demographic changes, etc.) alter the position of long-run aggregate supply curve, and change the level of full employment and potential output. On the other hand, the demand shocks (as changes in monetary and fi scal policy, changes in consumption, both foreign and domestic, etc.) do not infl uence the long run full-employment level of output. Thus, the main distinctions between these two types of disturbances are made regarding the lasting of their effects. While the supply shocks have permanent, long-lasting effects, the demand shocks have temporary infl uence on full-employment level of output.
Based on these considerations, widely accepted in the literature, it can be assumed that the NAIRU follows a random walk (see Gordon, 1997 and 1998; Laubach, 2001; Jansson, 1999a, 1999b; Claar, 2005) :
where ε t is independently distributed error term with
.
When the standard deviation σ ε = 0, then U N is constant over time. When σ ε ≠ 0, the model allows the NAIRU to vary by an amount σ ε in each period.
Regarding the fl uctuation in other component of actual rate of unemployment, the cyclical unemployment U cyc , following Jansson (1999a, 1999b) , and Claar (2005), we assume that it exhibits fi rst-order serial correlation:
where ρ is between zero and one, and where ε' t is independently distributed error term with ε' t ~ N(0, σ ε' 2 ) (5).
Presented model, with the use of two independently distributed shocks, one for NAIRU and the other for cyclical rate of unemployment, clearly distinguishes two types of shocks, supply shocks, which alter the NAIRU, and demand shocks which cannot alter the NAIRU. Detailed specifi cation of the Kalman fi lter model is presented in the following section of the paper. The second part of the model consists of the statistical test of relation between the NAIRU and infl ation rate. We have employed the panel data regression model in this paper. A panel has the form X it , where X is a vector of observed variables (NAIRU and infl ation rate), i goes from 1 to N, where N is the number of observed countries, and t covers the period from 2000 to 2012.
A fi xed effect panel data regression model can be written as:
Where U N is the NAIRU, CPI is the consumer price index and μ i is individual-specifi c, time-invariant effect.
The series of data used in this study is the quarterly unemployment rate and infl ation rate of eight European transitional economies, ranging from 2000 to 2012. The countries' sample consists of fi ve Central European economies (Poland, Hungary, the Czech Republic, Slovakia, Slovenia, all member states of the EU since 2004), and two East European economies (Bulgaria and Romania, members of the EU since 2007), and Croatia (a member of the EU since 2013). Data are taken from Eurostat.
Kalman Filter Method
Once the model is specifi ed, the appropriate research method should be employed. Various methods were used in the literature for estimating the natural rate of unemployment (as well as the NAIRU), ranging from simple fi tting the trend in the time series of unemployment to using structural models of labour market. Apel and Jansson (1999a) surveyed the common ones: Hodrick-Prescott fi lter, the so-called multivariate fi lter of Laxton and Tetlow, methods based on structural vector autoregressive models, and the so called STM (Structural Time-Series Models) or UC (Unobserved Components) models, and concluded that the last mentioned method has some signifi cant advantages over others. Therefore, we employ the UC method in this paper, specifi cally the Kalman fi lter algorithm. The intuition behind this method is as follows: specifi ed model relates the unobservable variable (NAIRU in this case) to observable variable -actual unemployment. A recursive Kalman-fi lter algorithm can be applied to the so called state-space representation of the model, in order to fi nd a sequence of optimal predictions of the observable variable for a given set of coeffi cients and sequence of the unobservable one (Apel and Jansson, 1999a) . By comparing these predictions to the actual values of unemployment, a specifi c series of forecast errors are used in a maximum likelihood routine to fi nd the optimal set of parameters and the corresponding estimates of the natural rate of employment.
In order to apply the Kalman fi lter procedure, the system must be written in a state space form, with a measurement equation and a transition equation:
where Z is a vector of observed variables, X is a vector of unobserved variables, and U is a vector of controlled variables. Matrixes H, A, and B contain parameters that correspond to X t , X t-1 , and U t , respectively. Terms η t and ω t are independently distributed error terms.
Our model, developed in the previous section, can be written in the state space form as follows. The equation (1) may be equivalently expressed as:
where Xt is the 2x1 vector of the unobserved variables U N and U cyc . H is a fi xed 1x2 vector that, in this model, contains ones for its elements. This is the measurement equation that relates the unobserved variables to the observable variable Ut.
Equations (2)- (5) can be written as transition equations as follows:
where A is a matrix with 1 and ρ on the main diagonal, and ω t = (ε t, ε' t ). Following Claar (2005) , our model does not contain error term η t in the measurement equation. Claar (2005) justifi es this by the fact that "the unemployment rate is measured reasonably well and, more importantly, it is measured in the same manner every period. Secondly, adding an additional term to the unemployment rate equation would exacerbate the problem of distilling the natural rate of unemployment (the NAIRU in this case) from the single unemployment rate series by introducing a third source of fl uctuation in the unemployment rate". The model also does not contain matrix of controlled variables U t in the transition equation, which is a common feature of models in relevant studies.
Before running the Kalman fi lter, the unknown parameters in the state space model (ρ, σ ε 2 , σ ε' 2 ) should be estimated. The values of the variance of the error terms are estimated in the maximum likelihood process, while we have used a variety of starting values for ρ that are consistent with a business cycle half-life ranging from 6 to 48 months, which is a duration of temporarily disturbances to unemployment determined in Blanchard and Quah (1989) , as well as in many other studies.
Another issue is to estimate the initial values of unobserved variables, which is necessary when the time series are non-stationary, as it is the case when the NAIRU is assumed to evolve as a random walk, like in our model. There are two traditional approaches to this problem. In the fi rst one, the initial value of the NAIRU is considered to be fi xed, while in the second approach, the initial value is presumed to be random, and a diffuse prior for the distribution is assumed. The second approach is used in this paper. More about the Kalman fi lter procedures and estimation techniques can be found in Claar (2005) and Turner, et al. (2001) .
Results
Using the Kalman fi lter, the actual unemployment rates in the observed countries are decomposed into the NAIRU and cyclical component. The obtained NAIRU is shown in the Appendix. In the fi rst quarter of 2000 (fi rst observed quarter), Hungary had the lowest NAIRU (5.14), followed by Slovenia (6.47), Romania (7.01), and the Czech Republic (8.48). In contrast to this group of countries, there is a group of countries with high NAIRU in the fi rst observed quarter, consisting of Bulgaria (18.46), Poland (19.78), and Slovakia (20.06) . As a result of the successful transition reform and accession to the EU, there was a signifi cant decrease in the NAIRU in all surveyed countries (except for Hungary) by the end of the period (2012Q4). In the last quarter of 2012, the Czech Republic had the lowest NAIRU (6.53), followed by Romania (6.97), Poland (7.72), Slovenia (8.10), and Bulgaria (9.69). The three countries which at the end of the period had the NAIRU over 10% are: Croatia (13.10), Slovakia (12.56), and Hungary (11.55) . Higher NAIRU in the last compared to the fi rst quarter (2012Q4 in contrast to 2000Q1) was observed only in the case of Hungary, while all other countries had a decline in the NAIRU in the observed period.
Bearing in mind that the hysteresis effect involves a change in the NAIRU over time, the existence of hysteresis can be tested by examining the existence of statistically signifi cant deterministic or stochastic trend in the obtained series of the NAIRU. The results of testing the existence of the trend are presented in Table 1 . There is statistically signifi cant trend in six countries, of which in fi ve cases there is a negative one (Bulgaria, Poland, Romania, Slovakia, and the Czech Republic), while in the case of Hungary there is a positive trend, i.e. the growth in NAIRU during the period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . The trend is not statistically signifi cant in the case of Slovenia and Croatia; their NAIRU does not show a tendency towards statistical signifi cance over the time. The existence of a hysteresis effect can alternatively be proved by testing whether the NAIRU time series are stationary. As stated in the section model, the assumption is that the NAIRU has a random walk, i.e. it is non-stationary series. Table 2 presents the results of Kwiatowski-Phillips-Schmidt-Shin (KPSS) test of whether the NAIRU time series are stationary. In all eight cases, one can reject the hypothesis on whether the NAIRU time series are stationary, i.e. conducted KPSS test confi rms the existence of hysteresis effect on a sample of observed transition countries. The result of testing the hysteresis effect existence is consistent with previous studies carried out by Liew, Chia and Puah (2009) which confi rmed the existence of this phenomenon in the case of OECD countries individually. It is also consistent with the studies that have confi rmed the presence of hysteresis in developed countries, carried out by Loageay and Tober (2005) , then Ball (2009), and León-Ledesma (2002) .
Testing other research hypothesis -the hypothesis that an increase in the infl ation rate affects the decline in the NAIRU and vice versa was performed using the method of panel regressions with fi xed effects. Stationarity of the time series is provided using the Trend Stationary Process (TSP), in order to eliminate the deterministic trend, and using the Difference-Stationary Process (DSP), to eliminate the stochastic trend. Since the regression model on the fi rst differences showed the existence of autocorrelation, i.e. statistical errors were positively correlated with statistical errors from previous periods (low value of the Durbin-Watson statistic), the fi rst-order auto-regression model is defi ned (fi rst order AR -AR (1)). The dependent variable was the fi rst difference of the previously estimated NAIRU, while the fi rst difference of consumer price index (CPI) is an independent variable of the regression equation. Panel regression results are presented in Table 3 . The resulting regression equation confi rms that infl ation rate has a statistically signifi cant effect on the NAIRU in the group of observed countries, i.e. monetary policy manifests effects on the NAIRU movement in a way that the increase in the infl ation rate leads to the decrease in the NAIRU.
Conclusion
Because of the great importance, a number of theoretical and empirical literatures have evolved concerning hysteresis theory and the concept of the NAIRU. Hysteresis infl uences that unemployment dynamics is a non-stationary process, i.e. there is no unique level unemployment seeks in the long run. The paper tests the existence of hysteresis effect and the infl uence of infl ation trends on the NAIRU on the example of eight countries in transition.
The NAIRU is determined using the Kalman fi lter, and the results of testing whether its series are stationary demonstrate that in the case of all the eight countries there is hysteresis effect. A similar result was obtained by testing the existence of a trend in the series of NAIRU when hysteresis was confi rmed in the case of six countries of which in fi ve cases there was decrease in the NAIRU over time (in the case of Bulgaria, Poland, Romania, Slovakia, and the Czech Republic), and increase in the case of Hungary in the period between 2000 and 2012. The trend is not statistically signifi cant in the case of Slovenia and Croatia; their NAIRU does not show a tendency towards statistical significance over time.
Analysis of the impact of infl ationary tendencies on the NAIRU was conducted using the panel regression analysis, and the results confi rm the existence of a small but statistically signifi cant effect of change in the consumer price index on the NAIRU. This means that the policy of demand management, i.e. monetary policy, can affect the movement of unemployment and infl ation. Limitation of the model is that the results were obtained by testing only the impact of infl ation on the NAIRU, without taking into consideration a number of factors concerning both demand and supply.
